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## 4470557221 : MAJOR COMPUTER ENGINEERING

KEY WORD: OBJECT ORIENTED CONCEPT / INHERITANCE / REUSABILITY /

COMBINATION LOGIC DESIGN
SARUN CHAIWORAWITGUL : APPLYING OBJECT ORIENTED CONCEPT TO
COMBINATION LOGIC DESIGN. THESIS ADVISOR : ASSISTANT PROFESSOR
PORNSIRI MUENCHAISRI, Ph.D., THESIS COADVISOR : PROADPRAN
PITSATORN, Ph.D., 108 pp. ISBN 974-17-4026-3.

While object-oriented technology is being adopted widely in software
engineering, it is not much explored in the area of hardware design. The libraries that
must be used directly and cannot be madified, or while the little function or property are
changed mostly causes redesign of a circuit. Those are the problems that all hardware
designers are facing currently.

This thesis proposes a new tool to help hardware designers in the process of
hardware design, specifically to the combination logic design. This tool acquires the
properties of object-oriented (OO) concept namely encapsulation, inheritance, and
reusability. The proposed tool encompasses a hardware design drawing, a synthesizer,
and a simulator with a friendly graphical user interface.

The output of the system (the combination logic circuit) is verified by
comparing the result with the standard circuit by International Symposium Circuit and
Systems 1985 (ISCAS85). As a result, This research offers a new tool for hardware
designers that ease the process of hardware design. Finally, this thesis certainly

promotes the complement of utilizing the useful concept of software in the world of

hardware.
Department Computer Engineering Student’s signature
Field of study =~ Computer Engineering Advisor’s signature

Academic year 2003 Co-advisor’s signature
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+Let nNumberOflnputs(in numlIn : Integer) +Let nNumberOflnputs(in numlin : Integer) -FindOutput() : Integer

+Get linputValue() : Integer
+Let linputValue(in in1 : Integer)
+Get Ooutput() : Integer

+Let Ooutput(in out : Integer)
-FindOutput() : Integer
-ToString() : String

+Get linputValue() : Integer
+Let linputValue(in in1 : Integer)
+Get Ooutput() : Integer

+Let Ooutput(in out : Integer)
-FindOutput() : Integer
-ToString() : String

G

-ToString() : String

v 9
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-FindOutput() : Integer

-ToString() : String
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MAMD{16gst, 1505t)
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= MAND(lgat, 3gat)
: 1git is : FALSE
:3git 5 : FALSE
- 10git is : TRUE
Gt 5 : FALSE
- 1lgat is : FALSE
2zt 5 :FALSE
: 16zt is : FALSE
- Tgt 5 : FALSE
: 19zit is : FALSE
22zt is : FALSE
- 23zt is - FALSE

= HANDZgit, Sigat)
: 1git 5 :FALSE
:3git 5 : FALSE
: 10gat is : TRUE
Gzt 5 : FALSE
- 1lgat is : TRUE
- 2git 5 : FALSE
¢ 16gat i : FALSE
Tt is :FALSE
19zt is : FALSE
: 22zt is : FALSE
- d%gat is : FALSE

= HAND3gzat, 11gat)

S gt 5 : FALSE
:3git 15 : FALSE
: 10gat is : TRUE
Gzt 15 : FALSE
: 1lgat is : TRUE
- gt 15 : FALSE
: 16zat is : TRUTE
:Tgt s :FALSE
- 19gat is : FALSE
: 23zt is : FALSE
: d%gat is : FALSE

= MAND(1lgat, Taat)
: lgit 35 : FALSE
:Sgat 5 : FALSE
- 10git is : TRUE
Gt 5 : FALSE
- 1lgat is : TRUE
gt 5 : FALSE
: 16zit is : TRUE
:Taat 15 : FALSE
: 19zit is : TRUE
: Xgat is : FALSE
- TGgat is : FALSE

= HAND(10zat, 16ga)
: lgat s : FALSE
:Sgat 5 : FALSE
- 10gat is : TRUE
Gzt 5 : FALSE
- 1lgat is : TRUE
gt 15 : FALSE
: 1zit is : TRUE
- Taut s :FALSE
- 19gzit is : TRUE
: 22zit is : FALSE
: U3gat is : FALSE

= HaAND(16zat, 19g4)
“lgat 15 : FALSE
:3gat 5 : FALSE
: 10gat is : TRUE
gt 35 : FALSE
: 1lgzit is : TRUE
gt 15 : FALSE
: 16zit is : TRUE
:Taut s :FALSE
: 19git is : TRUE
: X3zt is s FALSE
: 2%zat is : FALSE
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An Application of Object Oriented Paradigm (OOP)
to Combination Logic Design

8. Chaiworawitgul, P. Pitsatorn, and B. Sowanwanichakul
Department of Gogvuter Engineering

Faculty of Engineering, | Iyﬂ%kom University
Bangkok, 10330, Thailand
Abstract 2 ﬂmbtu for designers and causes them suffering from

. redundant drawings and tedious calculation of rework,
The libraries that mustbe used directly and cann# be  The SOWMM{MS is a counterpart.

modified, or while the litle function.or property are The softwarc design process changed to a new

changed mostly causes redesign circuil. Those ge paradigm which is Object Oriented (00). OO helps

the problems that ail hardware deSignérs are facing ~ design process more flexible than traditional design with
currently. This research es o new igol (o help ~ the 3 properties encapsulation, inheritance and
hardware designers in the 5 of hardware design, - Polymorphism. A designer needs not to redesign resemble
specifically to the combination logic design. This ool  Objects repetitively but rather inherits and extends it
acquires the properties of @bject orientation (00) accordingly to a new xequirements. This is a example of
concepts namely inheritaice and reusabilify. | . reusability that uses the concept of inheritance properties.
proposed (0ol encompasses a are design-draving, me the above paragraph, the problem of hardware
a synthesizer, and a sim&zar th fv‘endlyﬁaph‘ieéé-, design process shares the same characteristics of software

‘ ~ designing and hence could be solved by 00

user interface. Hardware designers use this‘tool'to draw = 4€8
ising drag and drap witities < methodology. The mechanisms, encapsulation and
help ease the process of design and hence.advaniageous - j/iﬂheﬂ"ﬂ%.ﬂ{e directly corresponding to the problem.
for hardware designers. The tool will there synthesize, and —— The objestive of the paper i to propose  new tool to
simulate the complete systems exploiting 0O connotation. hardware designers in the process of hardware
The output of the system (the combination logie cireuty) {5 design, specifically to the combination logic design in the
verified by comparing the result with the standard circuit :jg: e leel. .'l'he proposed 5011{“00 employs d.lsnm?nve
by International Symposium Circuit and Systems 1985 bara J of . 0? - mentioned  above _esPemlly
(ISCASSS). Finally, this researck: certainly promotes the  inheritance and reusability. These two properties would
— - —— =

complement of utilizing the useful concept of softwai ignific uee complexities and redundancies in the
the world of hardWware. lmm design process as to be pinpointed later in this
Keywords: Object_{éﬁented concept, Inheritance, " Section 2 introduces previous works which how 00 is
Reusability, and Combination logic design applied to hardware design. Section 3 introduces how

0O concepts are applied in this tool. Section 4 presents
1. Introduction the researcli-flow and all tools which are created in this

‘reéearch. Section 5 introduces the verification process of
‘NN . thig tool. Section 6 shows an example of a hardware
So far, Hardware design process is-less flexible than | ; | B s S
software design process g:m;ro 25 When Microprocessor, design by oBJcc_t oqented dmgn approach with this tool,
responsible to compute the processes, is designed, and the lastsection is a conclusion for this-research,
designer must specify tife/constant input and output-bits| _ )/
of micoprocessor. | If designer want-to design a mew 2. Previous work
microprocessor that has similar function to the one that is .
designed before but has a number of differences in input Because OO concept has been adopted successfully in
or output, she will have to redesign it from scratch,  the field of software, it is ‘}ISO widely aPl_’ll'ed to various
Currently, both very high speed integrated circuit ﬂdfis Qf computer, Applied 09 to digital hndwqe
bardware description language (VHDL) and Verilog, ~ design is & promising field that is concentrated by this
hardware design language, have a library or intellectual ~ Paper. First, The researches which extended hardware
property (IP) that appears to be reusable. Nonetheless, in ~ description language (HDI-) with UPJFC‘ OHCT}M concepts
practice, those libraries or IPs are used directly rather (1][2](3](4] and reusability for digital design which is

than reused. Designers can't override or add properties ~ composed of design for reuse and take the reuse

and behaviors of the libraries or IPs. Therefore it is not ~ component into design [5].
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All of researches are successful to improve the
performance of hardware process. They show that 0O is
powerful to apply in hardware process however, the first
group researches are concentrated on hardware
description language that are not concentrated on graphic
design tool and the second group proposes how to reuse a
component in design.

This paper proposes a new graphic demga tool, apﬁlud/ /

QO concepts, to improve the convenient of deslgn ‘over
text base. Beside, this tool supports reusability concept to
enhance the efficiency of design proce process. 2

3. The Object oriented.design ap —t

This research appliessobject or
combination logic design. For'a
research mainly focusesqon
simplicity. However, note th
extended to other subfields,
used in this research ‘

'e of its

and reusability concepts. -4
N
3.1. Inheritance o
J ¢ é ‘1.

these. In OOP, inheritance means a new,typcbf objest
can be created and inherits all of the cﬂm&fﬁcs of

existing object (referred to as base type),  ——

When applied to gate level desxp,@wn‘k’r}vm are ‘J foai=

conceptualized generically as base classes like those in
OOP. The properties-of Gate c!m are _bit valwof

can be applied to parallel data transfer. For example,
WireTwa class represents wire that comprises two bit.
The analogous logic applies to WireThree, WireFour, etc.

3.2, Reusability

urrently, both very high speed integrated circuit
description language (VHDL) and Verilog
have aslibrary or intellectual property (IP)
0 be reusability concept but library or IP is

directly by the designers. Designers can’t override or
add. pmagrhes and behaviors of library or IP, so It s not

flexible for designers. This proposed approach is more

flexible than before because all of the designs that are
completed hy designer can be stored as object classes
which contaln properties and behaviors. The designers
can inherit and extends the properties and the

ion: can be - functionalities of the existing objects, For example,
ented concepts FunAdd;rOmBu class is a class that is a completed
ip of inheritance  design for caleulating the result of two numbers of 1 bit

and carry in | bif that has 2 output values, carry out and

- sum value. These bits and full adders behaviors are
4 named a8 properties and summation. When designers
/)&/aur; to design 2 bit full adder, they can reuse
al] of glgms are ullAdderOneBit elass as a base class and add property

chaviors of both of

necmsnrg for anew desxgn or ovcmde behavmr for a

P-Bmd designed tool and its

ination logic design

signal, input andt" t o vhereas
behavior of Gate class'is to compuw ouqmt ngml ﬁmn.
input signal. There are 7"Hasic gates used in this research
i, NOT, AND, OR, NAND, NOR, XOR, and XNOR
gates. These are gate types 'nhentcd from the base class
and therefore share the same properties and behaviors as
those of their base class, However, There exist
differences it Behayion details @morig them, for Tnsténce,
AND yields output.0 when &t I¢ast one of the input i§ 0|
whereas OR returns 1'if at least Gne of the input is 1.
NOT assign an opposite value to the input s1gnal as'an
output, (These. characteristics can, be-captured in the
solution, by exténding the base class, M‘&ronvcg among
gates that require more than one input'can be irherited
and defined as different types. For example, AndGateTwo
class represents AND gate that comprises two inputs. The
same logic applies to AndGateThree, AndGateFour, etc,
Moreover, Wire class consists of property, that is bit
Wire class. When a wire is connected to the existed wire,
the new wire object call a method to set a value as the
value signal, and behavior that sets, gets and shows value
of signal. All of wires that are used in design are object of
value of the existed wire object. The inheritance property

Based on the concept of OOP mentioned in the
previous section, the'tool has been designed to facilitate
the hardware design process. It comprises 3 main
components,-i.e. Hardware Design Drawing, Synthesizer,

.and_Simulators, Description of each of them will be
described in the following subsections.

Hadware (design drawing i a component that is
designed first. OOP concept is applied to this component.
When it completed, synthesizer, used to &memwd netlist

drom Hardware esign’ rawing, s créated, After two

components are ﬁmghed, They are yerified by using a
standard combination logic design ISCAS85 benchmark,

Activity diagram of working processes is shown in
Figure 1.
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\Hardware Design |
'.'_d

i}
y

{Hardwar
{Haraware

AND gates). There are many symbol of gate that are
redundant, not flexible, and take many resources of
program. Figure 3 shows an example of comparison of
abjects in this tool and those in LogicWorks Design tool

is used to connect
supports inheritance cc 5 K
gates, every type of gate has a rectangle that is adjacent
0 a gate in Fxgm 2 Thi gle ‘

interface f
number
an appro|

é:?utomaucally Note that although the numbcr of input
may vary among the same gate type, their core
functionalities are the same. This is captured by QOP
introduced in our design framework. The previous
designs can be collected in a library system. All of
designs in the library not only can be reused directly but
also can reused for a part of another design by hardware
designers. A point that @ new tool is better than recent
commercial tools is that they consist of all kinds of gate,
In most commercial tools, there are several types of gates
predefined according to the number of input although
they share the same functionality (recall an example of

yand drg E] Ugﬁsﬁ'hﬁa different input
P tell een Logicworks

Deslgn Tool (LHS.) and this

94028088

to draw one bit full adder. The boolean equation of full
adder 1 bitis

SUM=(/A*B+C)+(A+*/B+/C)+(A*B*C)
COUT=(A*B)+(A+C)+(B+C)
I, +, + represents NOT, AND, OR correspondingly.

Besides, when a designer finishes a complete circuit,
the tool supports saving its and- it can be reused like a
black block to design other circuits like Figure 5. A
designer may not necessarily know how to implement a
particular block but he need only know its functions and _
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interfaces. This concept leverages the space design 4.1, Synthesizer

problem and supports a system design that will be

complex for designer.  Synthesizer is used to synthesize a combination logic

duign with 0O design approach from a hardware design

mwmz A graphic design from hardware design drawing

s then converted to a standard netlist language of

,/; S by the synthesizer. It uses graph theorem 1o

find the elation ofs:gnals that are input and output of
ach wire. During synthesizing, the

fies syntactic of a design. If the syntactic
er will not generate a netlist and will

eck all errors. Figure 6. shows the

actic and screenshot of this
7 shows the example netlist of

T:-m - E] ﬁ% gj%m syntactc.
Wwa;éﬁ“mwﬁ%ﬂaa
1 frad,

E = end(/k, /B, C)

1 F = end(A, /B, C)
: G = end(h, B)
H = and(A, C)

J = and(B, C)

! 504 = ox(D, E, F)
COUT = ox(G, H, J)
END

Figure 5: An example of reusability which is Figure 7: The netlist language of one bit full adder
’ ,u,,pmﬁ in this toal. Y Is generated by synthesizer,
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4.3, Simulator

The last component of this tool is a simulator that use
to simulate and to show the result of design in graphic
format. The standard netlist language of ISCASSS,
resulted from synthesizer, is simulated by ﬂ,m&tbr
which represents the result as & wave form. Figure
shows an example of wave form that simulated from the
netlist language in figure 7.

4d .l
Figure 8 : A wave form of ¢ ﬁ;
generated from slnz:}aio!

tool.

A"
‘-//,/

5. Tool applicaiﬁm verification

synthesizer which have input as design drawing with 00
design approach are compared to the original netlist
language of combination logic design ISCASSS. If the
result from comparing all of 11 designs is precise, it is a
sufficient evidence of credibility of the current design

/ with OOP approach.
/ INPUT (1gat)

INPUT (2gat)
“'_._-—WP‘UT(Squ)
- INRUT(6gat)
INPUT(7gat)
- OUTPUT (22gat)
OUTPUT (23gat)
10gat = nand(lgat, 3gat)
11gat = nend(3gat, Ggat)
A6gat = nand{2gat, llgat)
19gat = nand(llgat, 7gav)

22gat » nand(l0gat, 16gat)
23gat = nand(16gat, l9gat)
END

4]

Figure 9 : An example of a standard netlist
. C17.BENCH design
4 JJ
ﬁ. An example
-

secngu represents an example of designing by

esxgn approach by this tool Figure 10 shows an

xample of drawing C17.BENCH that has a boolean

The combmnnonjg:c design with object oriented

design approach is analogized by compaﬁng the netlist
language that generated from synthesizer with a standard

combination logic design ISCASBS. The processes to
analogize are

S5LA standa}'d%olﬂbinﬂibn logimdeggn
ISCASS§ O | |

A standard combination logic dmgn ISCASBS a

netlist language, is tnade up of 11 desighs %9 19

CITBENCH, | ' C432BENCH, ( C439BENCH;
C880.BENCH,  CI355.BENCH,  CI908.BENCH,
C2670BENCH, ~ C3540.BENCH,  CS5315.BENCH,

C6288.BENCH, and C7552.BENCH. All of these designs
must be verified with the netlist languages that is
generated by the current design approach. Figure 9 shows
the C17.BENCH that is a one of standard combination
logic design ISCASSS.

5.2. Comparison results

The semantic of 11 netlist Janguages of a standard
combination logic design ISCASSS that are generated by

S

o —
T

N

Figure 10 : An example of drawing C17.BENCH
by this tool.
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¥

2gat = /[ /(1 gat* 3gat) * /{2gat * (3gat + 6gat) }]
23gat = {/(2gat * /(3gat * 6gat)) * /( /(3gat » bgat) *
Tgat))  bythis tool.

The design must be verified the syntactic by
synthesizer. It generates netlist language, likes Figure 9

Design's netlist language is used to gener
form by simulator. Figure 11 shows 1&&
C17.BENCH.

From the comparison, a sems i

HEEZEREEEYSR

Figure 11 : An example wave form of C1
design generated from simul

[2] SCHUMACHER G. and NEBEL W., “Inheritance
concept for signals in object-oriented extensions to
VHDL", Proc. ACM SIGDA European Design
Automation  Conference with EURQ-VHDL'9S on
EURQ-DAC, ACM Press,, 1995, 428-435,

[31_ SMITH J., “VHDL & Verilog compared & contrasted

lus modeled example written in VHDL, Verilog and
Proc. ACM SIGDA Design Automation Conference,
e 39%771 -176.

ienied.. extensions to VHDL" Proc. VIUF
JF Press., 1997, 109-118.

F., and PEIXOTO P., “A survey of digital

roc, IEEE Design & Test of Computer,

98-107.

-
7. Conclusion

This paper has prclpied 2
inheritance mechanism, one of the most powerful feature

in 00, wdmgnacombmmmmgaﬂgL The

all lSCASSS d&slgns wh1ch are genemwd by theOQDP

[0 d-u::su

iedlbthty is ceruﬁecL Therefo'e, it has been shown that
e concept of OO can be applied to the hardware design
problem which leads to reduction of complexities and
redundancies in the typical hardware design process.
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